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Coal conversion plants a r e  capi ta l  intensive.  
der ived synthetic fuels ar ise  f r o m  iixcd charges (1)  and the cost  o f  commerc ia l -  
s i zed  plants a r c  such that capi ta l  availabil i ty is a ma jo r  problcm. 
evaluations of coal  conversion p r o c e s s e s  a r e  strongly influcnccd by the capi ta l  
cos t  es t imates  used.  
to substantial  escalation due to inflation. 
construction required for  coal  conversion plants compounds, both the effccts o f  
escalation and i n t e r e s t  during construction. 

Since escalation heavily impac t s  coal  conversion economics,  a study was  under-  
taken for  ERDA to: 1. Identify and quantify f ac to r s  contributing to the r eccn l  
escalation o f  coal-based fuel  plant cost  e s t ima tes .  2. Idcntify indices  which. in 
the p a s t  have bes t  ref lected inflation cscalation of coal conversion plants,  and 
3. 

At l e i s t  half the p r i c e  of coal-  

Thus,  economic 

F u r t h e r ,  t hese  e s t ima tes  in recent  y e a r s  have been subject 
Also ,  the long per iods of planning and 

Suggest p rocedures  for  predict ing future  capi ta l  cost  escalation. 

Escalation analysis  r e q u i r e s  a t  l e a s t  two cost  e s t ima tes  of the s a m e  plant  made  
a t  different t imes.  
s e v e r a l  plants all using the same p r o c e s s  and having ahout the same capacity.  
The  only available s c t s  of e s t i m a t e s  meeting the above r equ i r emen t s  werc  cos t  
e s t ima tcs  for  the Lurgi c o a l  gasification p rocess .  These  e s t ima tes  w e r e  par t icu-  
l a r l y  valuable s ince  they w e r e  based  on common design data supplied by the Lurgi  
Corp. 
which al l  used Western suh-bituminous coal  to produce f r o m  2 5 0  to 288  mill ion 
SCFD of pipeline g r a d e  gas  p e r  s t r e a m  day. 

P r i o r  to the main analysis ,  the applicabili ty o f  Lurg i  r e su l t s  to other  gasification 
p r o c e s s e s  was  checked by compar ing  Lurgi  escalation da ta  with est imated c sca l a -  
tion f o r  s eve ra l  advanced gasification p rocesses  under comparable  conditions. 
These  data der ived from ( 2 )  and ( 3 )  a r e  tabulated below. 

P re fe rab ly  t h e r e  should b c  s e v e r a l  s e t s  of e s t ima tcs  for 

In addition, the t h r e e  s e t s  of e s t ima tes  used w e r e  associated with plants 

Aug. '74 Cost, Jan. '76 Cost, 
P r o c c s s  $MM- $M M YO Inc rease  

ICT Hygas 750 870 16 

CO 2 Acceptor 760 890 17 

BCR Bi-Gas 890 1 , 0 3 0  16 
Lurg i  9 2 0  1 ,060  15 

From thc above, i t  appcars  that Lurg i  cscalalion data  can be  extrapolated to 
advanced pipclinc gradc  c o a l  gasification p r o c c s s c s .  

Low and medium 13tu gas pro jcc t s  prcsent  a spccial  problcm s ince  cach p l u t  1s 
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.- . 
dcs ip icd  to mcct  a par t icular  c u s t o m c r ' s  dcmand. (Typically, capac i t ies  vary 
f rom 2 1  l o  100 trillion D t u  [yciir]. ) HowcVcl-, s ince  the reac tor  a n d  purification 
s tcps  of llic low Btu processes  a r e  s i m i l a r  Lo those of  thc Lurgi  p r o c e s s e s ,  t h e r e  
appcars  t o  be  no - a p'"i reason  why cscalat ion for pipcline grade  gas should be  
marlccdly d i f fc r  cnt f rom cscalat ion fo r  lower grade gas  processes .  

Coal liqucfaction presented another problem. 
pcrcent  of thc Lurgi  and mcthanol p r o c e s s e s  capi ta l  cos ts  a r e  for  common equip- 
ment ) ,  liqucfaction a n d  gasification p r o c e s s e s  do not havc a high d e g r e e  of cquip- 
meiit commonality. 
outlincil bclow and thcn check the main resu l t s  with experts  in coa l  liquefaction 
technol.ogy. 

Aside f r o m  methanol  (around 85 

Conscquentl.y, thc approach taken was to p e r f o r m  the analysis  

In brief,  the resu l t s  for inflation cscalat ion did check fa i r ly  well. 

Lurgi  cost es t imatcs  w e r e  collccted and then normalized to placc them on a s  
comparable  bas i s  as possible. 
the components of cscalation that a r i s e  f rom:  
2. 
3. Changes in equipment capacity, and 4. Chapgcs in the cos ts  of equipment, 
m a t e r i a l s  and labor  (inflation cscalat ion) .  

Thc norrnalizcd data w e r e  then disaggregated into 
1. Changcs i n  the type of es t imate .  

Changcs in knowledge of tcchnology and environmental  requi rements .  

The inflation component of escalat ion was then compared by s ta t i s t ica l  t es t s  and 
other  means with var ious cost  indices. Then, based on cer ta in  c r i t e r i a ,  those 
indices best  reflecting est imatcd Lurgi  escalat ion w e r e  identified. The r e s u l t s  
and implications w e r e  analyzed and, finally, methods for predict ing future  
escalation were  suggested. 

F i v e  organizations generously cooperated in thc collection and ana lys i s  of the 
est imates .  These werc,  El  Paso  Natural  Cas Co., Panhandle E a s t e r n  Pipel ine 
Go., Southcrn California Gas Co.,  The Fluor  Corp. and the Lummus Corp. To 
protcct  the privacy of the es t imates ,  resu l t s  a r e  identified only as venture  A, B 
or  C. 

The component of escalation clue to  es t imate  type was f i r s t  examined. 
componenl could a r i s e  because a prudent  venture  manager  might r e q u i r e  that a 
contingency adjustment equal to the upper bouncl of the accu racy  range  of the 
pertinent typc of es t imate  be  included in project  cos ts .  
es t imatcs  obtained had to be  adjusted for es t imate  type because  a l l  of the es t imates  
w e r e  "prel iminary" (about 2 20% probable  accuracy)  and a l l  contingency costs  w e r e  
removed whcn the cs t imates  w e r e  normalized.  

This  

However, none of the 

Aiter rcmoval  of contingency, in te res t  during construction and cer ta in  project  
specific costs  (e. g . ,  coal  mine  and s a l e s  tax cos t s )  the following breakout  of 
escalation for thc ventures  was obtained. 
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Lurg i  Escalation Resul ts  

Venlur e l 3ca l a t ion  - 
Sept. ‘72-July ‘73 July ‘73-Jal l .  ‘75 Jan.  ‘75-E~I-1.y ‘ 7 6  Commcnts  

Tech. Inflation Tech. Inflation Tech. Inilation 

- 

70 70 % Yo 9 0  7 0  -- I__ __ --- -I I- 

A . 38 6 34 56 Tech. cscala-  
t ion did not 
include design. 

B 

C 

38 57 8 20 (Jan.  ) Tech. escala-  
t ion jncludes 
d c s  ign changes. 

N. A. 6 0  N. A. 16 (Apr.  ) Es t ima tes  ad- 
justed t o  
r emove  tech-  
nology and 
design change 
escalation. 

Note that es t imates  w e r e  in constant dol lars  as of e s t ima te  date,  i. e . ,  no forward 
escalation. 

The re  a r e  four  indices that a r e  coininonly used to t r a c k  inflation escalation. 
These  a r e  the Chemical Engineering ( C E ) ,  Marsha l l  & Swift (M&S), the Nelson 
index of ref inery costs  (Nelson)  and the Engineering News R e c o r d  ( E N R )  indices,  
Also, coal-f i red power generat ion boiler plant equipment escalat ion a s  given by 
the privately circulatcd Handy & Whitman ( I i&W)  index -’as thought pertinent.  

The five indices identified above a r e  based on  weighted ave rages  of labor,  ma te r i a l  
and equipment costs.  
indices understate  the impor t ance  of equipment p r i c e s  during per iods of high infla- 
tion such a s  those experienced between mid  ‘73 and e a r l y  ‘75. Consequently, two 
p u r e  equipment indices w e r e  a l so  compared to the  Lurg i  data.  These  w e r e  the 
Nelson equipment index (a composi te  of five equipment c l a s s e s )  and an index of 
valve and fitting p r i c e s  which mas the only s ingle  i t em index that matched Lurgi  
escal.ation reasonably well. The r e su l t s  of the comparison a r e  tabulated below. 

But i t  was suspected that the t radi t ional  weighted-average 
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Comparison of Lurgi  and Cost Indiccs Inflation 

Escalat ion 

- Category Escalation 
Scpt. '72-July '73 July '73-Jan. ' 75  Jan. ' 75 -Ear ly  '76 

Lurgi  

7 0  Y O  7 0  

6 (1)* 56-60 (3)* 16-20 (2)a  
Chemical f i g inee r jng  

(CE)  5 . .  
Marshal l  & Swift 

Nelson Refiner ies  5 
(M&S) 2.5  

Engr. News Record 
(ENR) 8. 5 

Handy & Whitman 
(H&W 6 

Nelson Equipment 4 
BLS Valves & Fitt ings 5 

24 

28 
19 

11 

37 
38 
51 

9 

9 
8 
6 

* Numbers  in pa ren theses  indicate  number of observat ions.  

Since the Lurgi  es t imates  only covered about four yea r s ,  it was thought des i r ab le  
to select  a p rocess  which might exhibit about the s a m e  inflation escalation a s  a 
Lurgi  p rocess  and where  data was sufficicnt t o  perrnit  development of an index fo r  
a number of yea r s .  
reasons:  1. 
standpoint of scaling factors .  2. 
of identical  gasif iers ;  the f ront  end of an ethylene plant includes a number of iden-  
t ical  cracking furnaces .  3. 
fication sys t ems  and substantive compression equipment. Also, they r equ i r e  
closely integrated uti l i ty sys t ems .  4. 
1975 was 67 percent  vs .  55-60 pe rcen t  for Lurg i  f r o m  mid-19'73 to  1975. 

The p r o c c s s e s  a r e  different i n  that  gasification plants have provis ion for extensive 
solid handling faci l i t ics  for coal  feed and ash remocal .  
coal preparat ion and handling.costs w e r e  backed out of the e s t ima te  during the 
normalization proccdure.  

The ethylene index \vas used as follows. 
between the r a t c s  of change of the ethylenc (Lurgi  analog) index and the other 
indices were  computcd. Ra te s  of change w e r e  used to r educe  t h c  autocorrelat ion 
bctween successive values of an  index. 
c r i t e r ion  for selection of a r ep resen ta t ivc  index. The other  s r i t c r i o n  was close-  
nes s  of f i t  to gasification e s c a h t i o n  during the c r i t i ca l  inflation pcriocl o i  mid ' 73  
to ea r ly  '75. 

The ethylene cracking p rocess  was selected fo r  the €allowing 
Both Lurgi  and ethylene plants a r e  reasonably similar f rom the 

The front end of a Lurgi  plant includes a number 

Both types of plants have ei ther  s ingle  o r  dual  puri-  

Escalation fo r  the ethylene index f o r  1973- 

But,  for other r easons ,  

The  coefficient of co r re l a t ion  "r" 

The "r" values w e r e  then uscd a s  one 

The evaluation r e su l t s  a r e  shown below. 
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Index 

L u r g i  Plants  
Ethylene Plants  
C E  
M&S 
ENR 
Nelson 
Nelson Equipment 
H& W 
Valves 

Index Evaluation Resul ts  

Escalat ion f r o m  Corre la t ion  Relative to  Ethylene 
July '73-Jan.  '75 1965- 1975 1970- 1975 

t o p ,  I I * I I R 1 I >: r y  % 

56-60 
N. A. 

24 
28 
11 
19 
38 
37 
51 

N. A. 
1.000 
0.828 
0. 736 

-0.134 
0. 491 
0. 814 
0.735 
0. 715 

N. A. 
1.000 
0.758 
0.636 

-0.754 
0.152 
0.759 
0.627 
0. 708 

*R > I .625 

**R > I . 811 I 
Significant a t  > . 9 5  Level  

Significant at > . 95 Level  

The resu l t s  a r e  a l s o  i l lus t ra ted  in F i g u r e s  1 and  2. F i g u r e  1 shows t h e  rates'. of 
change of th ree  representa i ive  indices  a n d  the  ethylene index, while F i g u r e  2 
shows the actual ethylene va lues  vs. values  predicted f r o m  the t h r e e  indiccs. 
T h e  predicted values  w e r e  obtained by f i r s t  r e g r e s s i n g  ethylene values  011 the  
indicated indices to  obtain l inear  equations with re la t ive  ethylene cos ts  as the  
dependent var iables .  Then,  ac tua l  values  of t h e  appropr ia te  indices  w e r e  
i n s e r t e d  into the equations to genera te  the  prediction c u r v e s  in F i g u r e  2. All  
predicted values underes t imate  inflation i n  1974, and then overcompensate  in 
1975. 

The resu l t s  obtained for  t h e  Lurg i  p r o c e s s  w e r e  then reviewed with exper t s  in 
c o a l  liqucfaction. What w a s  learned  is summar ized  below. 

Lurg i /Ethylene  Data Coal  Liquefaction Data 

Technology 85% for Lurgi ,  Sept. ' 72  15% over 4 y e a r s  
Escalat ion to Jan. '75 . 

Inflation 
Escalat ion 

195% Atid '70-Mid l75, C €I4 
55-6070 Mid  '73-Ear ly  l7$, Lurg i  

250% Mid '70-Mid '75 
L u r g i  escalat ion "in the ball 
park"  for  liquefaction. 

It was  concluded that the  high L u r g i  p r o c e s s  technol.ogy escalat ion is not  typical 
of other  coal  conversion p r o c c s s e s  in that: 
t o  b e  adapted to modern  m a t e r i a l s  and fabricat ion techniques. 
s t r e a m  clcsign (purif icat ion,  shif t  and iiiethanation) had to be adapted to l a r g c r  
cnpacilics than origin:tl.ly specif ied.  3 .  
codes  a n d  cnvi ronniental regulat ions.  
a g g r c g ~ t c c l  cost  data such as that prcscntcd in Lurg i  vcnturcs  to the  FPC m a y  

1. A World War I1 per iod design had 
2. The down- 

The clcsign had to be adapied t o  U. S. 
T h e  implication of this conclusion i s  that 
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cs;\f;gcratc thc amount of escalation that might  be experienced by advanced coal 
con ver si on p r o  c e s s e s . 

On the olhc: hand, i t  was concluded that  the inflation cscalation cstinialed for  the 
I,urgi proccs  s was gcncral ly  applicable to other coal-based synthetic fuel p ro -  
C C S S C S .  

was judged Lo bes t  r e f l ec t  the inflation escalat ion experienced in the c r i t i ca l  1973- 
1974 period. Using the correlat ion coefficient c r i t e r ion ,  e i ther  the C3.3 o r  Nelson 
equipment index was judged "best". 

It was a l so  concluded that  an equipment type index t r acks  escalation during periods 
of high inflation bet ter  than do the weightcd- ave rage  indices.  
is  weighted 61 percent  for cquipnients vs.  12 percent  for the Nelson index vs. 0 
percent  for the EWR index. ) 

Methods suggested for predicting fu tu re  escalation included the following: 

o 

1J:;ing the criterion of fit lo  high i n l h t i o n  per iods,  the index for valves  

(Note the CE index 

Cor re l a t e  ce r t a in  r ep resen ta t ive  indices (e .  g,, as  tentatively identified above) 
with exogcneous indicators  by  economctr ic  methods.  F o r e c a s t s  of the indica- 
t o r s  a r e  available f r o m  such se rv ices  as DKI, Chase  and Wharton. 

8 Survey the l a r g e r  cons t ruc to r / eng inee r s  €or 2-4 y e a r  t rcnd fo recas t s  on 
equipment, m a t e r i a l  and labor  cos t s  per t inent  to coal  conversion plants.  

Survey a c ross - spc t ion  of p r o c e s s  equipment manufacturers  to obtain detailed 
cost  t rends.  

o 
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